Introduction 4
In the semi-arid southwest, rapid urbanization and population growth have led to increased use of 5 treated effluent to augment and maintain hydrologic conditions in the watershed resulting in both 6 positive and negative consequences in terms of overall watershed quality [1, 2] . Planned water reuse is 7 a common occurrence globally and began as early as 1918 in California and Arizona in order to 8 provide irrigation water for crops [3] . Discharge of treated effluent into stream channels helps to 9 recharge the groundwater aquifers, supports riparian habitation, and enhances ecosystem services and 10 is commonly implemented by state agencies for this reason [4, 5] . For example, natural perennial and 11 ephemeral flows in the Upper Santa Cruz River are artificially augmented by treated effluent from the 12 cities of Nogales and Tucson where, historically, portions of the Santa Cruz River near the city of 13
Tucson were pumped dry as early as 1910 [6] . 14 However, reliance on treated effluent for perennial streamflow potentially endangers human health 15 due to recreational exposure and possible contamination of domestic water supplies by increased 16 microbial pathogen concentrations in surface and ground waters [4, [7] [8] [9] . Common sources of potential 17 pathogenic contamination in surface waters include storm runoff from urban and agricultural 18 landscapes, wild animal wastes, wastewater treatment plant discharges, and failing septic system 19 drainage [8, 10, 11] . Monitoring stream networks for all potential pathogenic agents is expensive and 20 not feasible; therefore, methodologies for monitoring fecal indicator bacteria (FIB) and determining 21 acceptable risk have been established [12] [13] [14] [15] . Current ambient water quality criteria for FIB in fresh 22
waters are aimed to protect human health from gastroenteritis due to pathogenic exposure based on the 23 estimated relative risk of 8 cases of gastroenteritis per 1000 swimmers [12] . The appropriateness of the 24 methods used and FIB capability for correlating and identifying human health risk from pathogens has 25 been debated in the literature [16] [17] [18] [19] . Despite the ongoing debate, most states monitor for total 26 coliforms, fecal coliforms, Escherichia coli (E. coli), fecal streptococci, or enterococci as indicators of 27 potential pathogens in water resources. In Arizona, E. coli has replaced fecal coliform as the preferred 28 FIB in stream networks [20, 21] . 29 To minimize the potential risk of wastewater to public health and the environment, state agencies 30 regulate and permit planned wastewater reclamation and reuse facilities [3] . In many cases, these 31 facilities, regardless if the intended reuse is for recharge or irrigation, achieve a high degree of 32 consistent water quality, and the removal of microbial and other contaminants associated with human 33 waste are of paramount concern [22, 23] . As this case study will show, additional research and 34 assessment of the fate and transport of pollutants released indirectly into effluent-dominated and/or 35 effluent dependent stream networks are critical to controlling overall FIB loading in the watershed. 36 The objectives of this study are (1) to assess the water quality in the Upper Santa Cruz Watershed in 37 terms of fecal indicator bacteria (FIB) by comparing the available data to the water quality criteria 38 established by Arizona, (2) to provide insights into FIB response to the hydrology of a semi-arid 39 demand from urban growth and land use is placed on the system, understanding the fate and transport 7 of pollutants released and how treated effluent impacts the overall watershed quality, especially water 8 supplies designated for human consumption, is necessary. 9
Water quantity and quality issues in the Upper Santa Cruz watershed are confounded by the quality 10 of waters flowing from areas of Mexico which has less regulated infrastructure to handle wastewater 11 treatment [27] . Continuous efforts are being made by both countries to provide wastewater service in 12 rural areas and to enhance wastewater treatment and reclamation infrastructure to meet future needs 13 [28] . The available data at each sampling location are compared to regulatory water quality criteria for 16 FIB established in Arizona as summarized in Table 1 . According to the regulatory standards listed in 17 Table 1 , wastewater dischargers report bacteria concentrations as a geometric mean of all the test 18 results obtained during a reporting period, which is helpful when analyzing bacteria concentrations that 19 may vary anywhere from 10 to 10,000 fold over a given period. The single sample maximum value is 20 also needed to ensure that public health is protected from unusually high microbial loads. 21 
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Average daily baseflow conditions were determined using the web based hydrograph analysis tool 1 (WHAT) and the local minimum method for daily streamflow from March 1, 1996 to April 30, 2008 at 2 two USGS stations (09481740 and 09480500) within close proximity of the sampling locations [34] . 3
Since the local minimum method generally overestimates baseflow during storm events, the WHAT 4 results were compared to precipitation data for a better estimation of actual baseflow conditions. Then, 5 the correlation between streamflow/precipitation and in-stream fecal coliform/E. coli concentrations 6 was analyzed to identify potential factors impacting the in-stream fecal coliform/E. coli concentrations. 7
Precipitation data was obtained from weather stations maintained by the National Oceanic and 8
Atmospheric Administration (NOAA). Streamflow data was collected from gage stations maintained 9 by the USGS. Finally, data collected from point source WWTPs were compared with nonpoint in-10 stream grab samples and statistical tests were performed to see if fecal coliform/E. coli concentrations 11 were significant different between WWTPs and nonpoint sources. In instances where the sample value 12 was reported as greater than the upper method detection limit or less than the lower method detection 13 limit, the detection limit was used in the statistical comparison. 14
Results 15

Fecal Coliform and E. coli Concentrations from Point Source WWTP Effluent 16
Consistent concentration data was found for three permitted locations (Map ID A-C in Figure 1 Table 2 and Table 3 were obtained  19 from the DMRs filed with the USEPA as required by the AZPDES permit for each facility. It is 20 important to note that the following tables reflect the number of reported average and maximum values 21 for all reported monitoring periods for each facility and not the actual number of grab samples 22 collected at each facility location. Table 2 summarizes the maximum grab sample value reported in 23 each DMR period and represents the 'worst case' fecal coliform concentrations released from these 24 facilities into the Santa Cruz River and its tributaries. locations; however, the geometric mean standard of 200 cfu/100 mL for fecal coliform was not 7 exceeded at any location. The single sample maximum of 800 cfu/100 mL for fecal coliform is 8 exceeded during several sampling events at each location as shown in the last column of Table 4 . 9 E. coli grab sampling results were organized by location; the geometric mean and sample maximum 10 for each location for the entire period of record available was summarized into Table 5 . E. coli 11 concentrations at all in-stream sampling locations indicate the geometric mean standard of 126 cfu/100 12 mL is exceeded by more than double at all sampling locations. In addition, the maximum standards for 13 a single sample value (235 cfu/100 mL for partial body contact and 575 cfu/100 mL for full body 14 contact) are also exceeded at every location in at least 33% and up to 75% of the samples evaluated. baseflow estimates, 25% to 60% of the fecal coliform samples which exceeded the 800 cfu/100 mL 17 standard in Table 4 and zero to 12% of the E. coli samples which exceeded the 235 cfu/100 mL 18 standard in Table 5 were collected during periods of above average baseflow. From this comparison, 19 exceedances typically occur during average baseflow or lower than average streamflow; however, 1 approximately 85 percent of all in-stream samples were collected during less than average streamflow 2 conditions. 3
In-stream fecal coliform and E. coli concentrations fluctuate based on seasonal streamflow and 4 precipitation trends with the greatest concentrations experienced predominantly during the summer 5 months. In-stream fecal coliform and E. coli concentrations generally increase in response to increased 6 streamflow as shown in Figure 2 and 3, respectively. The range of the raw data set is 0 to 76,000 7 cfu/100 mL for fecal coliform sampled between March 1996 and August 2001 and 0 to 241,920 8 cfu/100 mL for E. coli sampled between February 2008 and September 2010. The daily mean in-9 stream fecal coliform concentrations for all locations collected on the same day was compared to the 10 average daily streamflow from USGS gage station 9481740 corresponding to that sample date, as 11 shown graphically in Figure 2 . The range of the mean data included in Figure 2 is 0 to 37,366 cfu/100 12 mL and includes the same locations listed in Table 4 . In Figure 3 , the daily mean in-stream E. coli 13 concentration for all E. coli sampling locations was compared to the average daily streamflow recorded 14 on that date from USGS gage station 9481740, which is located in the mid to southern portion of the 15 watershed near Tubac, Arizona. The range of the mean data included in Figure 3 is 28 to 118,470 16 cfu/100 mL, and no month had zero E. coli concentration simultaneously at all locations. The sampling 17 location data included in Figure 3 are those listed in Table 5 and additional E. coli data from Nogales 18 Wash SCNGW004.87 and Nogales Wash at Johnsons Ranch SCSCR128.54 (these locations were not 19 included in Table 5 due to limited sample availability). No samples were collected on days of zero 20 streamflow thus daily streamflow shown in the below figures does not reflect the periods of no flow 21 conditions. 22 
In-Stream Concentrations versus WWTP Effluent Concentrations 19
The in-stream fecal coliform concentrations range from <1.0 to 2519 and the WTTP effluent fecal 20 coliform DMR maximums range from 3 to 1600; in-stream E. coli concentrations range from <1.0 to 21 139,000 and WTTP effluent E. coli concentrations range from < 1.0 to 2400. As shown in Figure 5 and 6, 22 the nonpoint source in-stream fecal coliform and E. coli concentrations are compared to the maximum 23
Water 2012, 4 13 concentration reported in each point source WWTP DMR period. The maximum concentration was 1 used because it represents the 'worse case' situation during that period of measure. In-stream sampling 2 locations have mean concentrations that are significantly different than the WWTP effluent maximum 3 DMR grab sample values at the 0.05 alpha level of significance as shown in Table 6. Figures 5 and 6  4 and the statistical summary in Table 6 show that the in-stream fecal coliform and E. coli concentrations 5 are significantly greater than the concentrations found in WTTP effluent. Regardless of sample 6 location or type, a high degree of variability occurs in all data sets. Table 6 also shows the range of the 7 data in each category for the entire period of record. 8 
Discussion 9
As this study verifies, significant surface water impairment is a result of nonpoint source 10 pollution in Arizona. In-stream concentrations of fecal coliform and E. coli are significantly greater 11 than those concentrations discharged in the treated effluent from WWTPs, as shown in Figures 5 and  12 6. Nonpoint sources such as faulty septic systems, agricultural and urban runoff, unregulated 13 discharges to stream washes, land use practices, and in-stream fate and transport processes contribute a 1 significant portion of the pollution load to the Santa Cruz River; the statistical data reported in 
Conclusions and Recommendations 18
Like much of the southwest, Arizona uses recycled waters for groundwater and surface water 19 recharge to balance the supply and demand of a growing population. However, continuous monitoring 20 of the fate and transport of FIB and their associated pathogens is an area needing further assessment. 21
To fully assess the water quality in the Upper Santa Cruz watershed, a detailed analysis is needed 22 which allows for FIB monitoring, source tracking, and reduction of nonpoint sources of pollution. This 23 study assesses the influence of WWTP discharges and nonpoint sources on the indicator bacteria 24 concentrations in the Santa Cruz River and surrounding tributaries. The results of this assessment find 25 that the Upper Santa Cruz watershed is impaired with fecal coliform and E. coli at levels which exceed 26 the established water quality criteria in Arizona. This assessment indicates that a risk to human health 27 exists especially during the summer months when concentration trends increase and water contact is 28 most likely to occur. Fecal coliform and E. coli levels from the WWTP effluent assessed in this study 29 are significantly lower than the in-stream samples assessed which indicates that nonpoint sources play 30 a significant role in the water quality conditions. Regardless of the sample type (effluent or in-stream), 31 all sampled locations with available data exceeded the water quality criteria for fecal coliform and E. 32 coli indicators. Water quality issues in the Upper Santa Cruz watershed are confounded by the quality 33 of waters flowing from urbanized areas of Mexico with less regulated infrastructure to handle 34 wastewater treatment.
35
Using natural vegetation filters, stabilization of stream banks, improvement of riparian zones, and 36 urban runoff reduction in order to reduce erosion and sedimentation, are effective watershed control 37 strategies. Updating septic systems is another method of source reduction of potential pathogens to the 38 aquatic environment. Sediment is linked to pollutants such as pathogens and nutrients, and suspended 39 sediment reduction should be a priority in this watershed. Management practices aimed to reduce 40 urban runoff and thus sediment could markedly reduce nonpoint sources of FIB in the stream network. 1
Though likely a more expensive option, infrastructure improvements that eliminate faulty septic 2 systems and combined sewer overflows would also reduce FIB concentrations released into the stream 3 system. Advanced treatment of wastewater effluent and industrial discharges is another option to 4 consider for reducing FIB concentrations within the watershed; the state of the art wastewater 5 treatment at the Nogales plant is a good example of the current and ongoing efforts to achieve such 6 objectives in Arizona. These recommendations could only be truly beneficial to the managers and 7 regulators once TMDL values are established for impaired waterways and more data has been 8 collected to assess how pathogens cycle through the entire watershed. As urbanization and population 9 growth continues in the Santa Cruz watershed, water regulators, managers, and development planners 10 will have to assess the impact of effluent-dominated stream sections in order to meet not only water 11 quantity objectives, but also to maintain water quality standards. 12
